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EDM trilateration surveys are manpower intensive and require a concerted
effort by the staff at HVO to complete. These surveys are usually done bracketing a
major volcanic or tectonic event, and the data are modeled to obtain information
such as that mentioned above. In order that the data gathered be interpretable, the
EDM measurements of a trilateration survey must be comprehensive, precise, and
completed in a relatively short period of time.

On the other hand, using EDM measurements to monitor the current state of
a volcano requires that more frequent periodic measurements be made, and the
precision and density of the network need not be as great. These factors spurred the
development of the "permanent-glass EDM" technique to measure horizontal
distances with less commitment of time and manpower. This technique utilizes
permanently installed reflectors, eliminating the need for a person to set up a
reflector over a specific benchmark every time a measurement is made.

Purpose and Scope of Report
This purpose of this report is to present the results of permanent-glass EDM

measurements on Kilauea from the time the first lines were measured on June 6,
1979 to September 23, 1987. We report data for all permanent-glass EDM lines ever
measured on Kilauea, but discuss in more detail those monitors that were set up to
track ground deformation with frequent measurements over a long period of time.
Data reported here are preliminary and subject to revision as refinements are made
to data reduction procedures. Also included in this report are station descriptions
with location maps, and documentation of equipment and measurement
procedures.
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Equipment
Since May 14, 1981, we have used a Keuffel and Esser RangeMaster IIl EDM

instrument to measure the lines of the permanent-glass network on Kilauea. Prior
to this date, we used both a Geodimeter Model 8 and a Hewlett-Packard 3808a EDM
instruments.



There are two types of permanent-glass reflector stations on Kilauea. The
earlier stations were installed using standard highway reflectors, which had a limited
range over which reflected signal could be received. Some of these stations still exist
but are measured infrequently. All of the monitors that we currently measure on a
routine basis utilize relatively inexpensive, sealed, nitrogen-filled prisms at the
reflector stations. These prisms have higher reflectance than the highway reflectors
permitting measurements up to 10 km using three prisms and have allowed the
Kilauea permanent-glass EDM network to grow to its present size.

To correct for atmospheric effects on the line measurements, we record
temperature and altitude readings while a specific line is being measured only at the
instrument station. The temperature is measured to a tenth of a degree fahrenheit
with a Electro-therm TM-99 digital thermometer that has a shielded probe attached
to the top of a telescopic pole 6 m above the ground surface. The altitude is
measured to the nearest 20 feet using a Wallace and Tiernan altimeter.

Measurement Procedure
The procedure we use to measure a permanent-glass EDM line is listed below.

1. Set up EDM instrument over station mark and temperature probe on pole 6
m above the ground surface.

2. Allow EDM instrument to warm up for at least ten minutes.

3. Measure the height of the instrument. The height of the instrument above
the ground is measured from the disk or top of the steel rod to the horizontal
axis about which the instrument rotates vertically. (The height of the reflector
station is always assumed to be 50 cm).

4. Begin measuring the length of the line with the EDM instrument and
recording temperature and altitude measurements for atmospheric
corrections.

5. Record one temperature reading for every two line length measurements.
Record two altitude measurements, one at the start and one at the end of a
complete set of line length measurements.

6. After ten line length measurements are recorded, check to see that all
readings are within 20 mm of each other. If they are, the set of line length
measurements is complete.

7. If the readings are not within 20 mm of each other, take two more readings.
Discard the high and low value of the set of twelve readings and if the
remaining readings are within 20 mm of each other, the set of line length
measurements are complete.



8. If they are not, take a minimum total of fifteen readings to complete the set
of line length measurements.
9. Record the last altitude and temperature readings.

We reduce the raw line length and atmospheric correction measurements to a
mark to mark slope distance using computer programs developed at HVO.

Kilauea Permanent-glass EDM Network
The instrument stations on Kilauea are marked by a standard survey disk

cemented into bedrock, or by a steel rod driven and sometimes cemented into the
ground. The EDM instrument is set up directly over the "+" on the survey disk or
centered on the top of the steel rod using an optical tribrach. The reflector station
consists of a reflector or prism attached to a steel rod that is embedded (sometimes
cemented) in the ground.

Permanent-glass EDM measurements started on Kilauea in June 1979 with the
installation of monitors by A.T. Okamura and others on the middle east rift zone at
Puu Kamoamoa, Kalalua, and Puu Kiai. In June 1982, monitors across the summit,
the upper southwest rift zone, and the upper northeast rift zone were installed using
the sealed, nitrogen-filled prisms that are still in use to this day. These early
monitors were installed with the intention of reducing the reliance on resource-
intensive EDM surveys to determine the present state of the volcano. Currently,
there are seven monitors covering the summit, both rift zones, and the southern
flank of Kilauea (see figure 1) that are measured on a routine basis :

Summit Cross-Caldera monitor
Summit Quadrilateral monitor
Upper Southwest Rift Zone monitor
Upper East Rift Zone monitor

South Flank Hilina Pali monitor
South Flank Holei Pali monitor
South Flank Kalapana monitor

NGk W

These monitors are discussed in more detail below. Time series plots of each
of the monitor's individual line lengths are presented starting on page 14, and the
measurement data are listed in Tables 1 to Table 7. The descriptions of the
permanent-glass EDM stations of these monitors are located in Appendix I, and their
coordinates are listed in Appendix II. Table 8 contains data for lines that are
infrequently or no longer measured.
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Summit Cross-Caldera Monitor

The original four lines of the summit cross-caldera monitor was installed in
June 2, 1982 and has since increased to eight lines (see figure 2), all measured from
the HVO113 instrument station. One reflector station, KALP4, was abandoned in
December 1983 after ground cracks, due to slumping of the crater wall of
Halemaumau, disturbed the station. Six lines extend southeast from HVO113 into
and across the caldera, with the farthest reflector station located on the
Kalanaokuaiki Pali. Two lines extend from HVO113 northwest onto the "stable”
slope of Mauna Loa. This monitor is the most frequently measured on Kilauea and
over the years have recorded some of the largest changes in line length. Several
lines of this monitor cross the southern part of the caldera where, historically,
magma under the summit area has been stored. The summit cross-caldera monitor
is usually measured at least once per month.

Summit Quadrilateral Monitor

The summit quadrilateral monitor (figure 3) is another monitor on the
summit of Kilauea and has been in existence since December 13, 1985. This monitor
was established to replace the summit EDM trilateration monitor which was
becoming more difficult to measure on a regular basis because of the lack of
manpower and time. ,We tested the effectiveness of this monitor by measuring it
during the frequent inflation/deflation cycles of the Puu O'o eruption. In all cases,
the summit quadrilateral monitor responded in a way consistent with other
deformation measurements. The advantage that this monitor has over the cross-
caldera monitor is that it can be used to solve for the exact location of the ground
deformation. The six lines of this monitor are usually measured at least once per
month.

Upper Southwest Rift Zone Monitor
The upper southwest rift zone monitor (figure 4) consists of nine lines that

extend from the LACY instrument station (located on the slope of Mauna Loa)
southeast to, and across, the southwest rift zone of Kilauea The original four lines of
this monitor were set up on June 1, 1982 to track any ground deformation caused by
intrusions or eruptions on the southwest rift zone. Five more lines were added in
September 1982. The lines also responds to large summit inflation and deflation
episodes. This monitor is usually measured once every two months.



Upper East Rift Zone Monitor
The three lines that make up the upper east rift zone monitor (figure 5) were

installed in June 1982. This monitor has lines extending from instrument station
ESCAPE RD 95, north of the east rift zone, to reflector station APUA PERM, located at
the shore line south of the rift zone. This monitor crosses a complex structural area
where the east rift zone turns from a southeasterly to easterly direction and also
spans the southern flank from the east rift zone to the ocean. This monitor is
usually measured at least once every two months, but has been done more
frequently during the recent eruption on the middle east rift zone.

South Flank Hilina Pali Monitor

The south flank Hilina Pali monitor (figure 5) was established on July 20, 1982.
This monitor consists of four lines extending south from the HILINA instrument
station, located at the end of the Hilina Pali Road, with the farthest reflector station
located near the shoreline. This monitor, like the other south flank monitors, was
installed to record any horizontal movement of the faults on the south flank of
Kilauea, mainly related to tectonic effects. This monitor is usually measured once
every two months. '

South Flank Holei nitor

The relatively new south flank Holei Pali monitor (figure 5) located near the
horseshoe turn of the Chain of Craters Road, was installed on September 26, 1986.
The four lines of this monitor extend southward from the HVO162 instrument
station and essentially replaces an EDM trilateration monitor that had became harder
to reoccupy due to the limited time and manpower at HVO. This monitor is usually
measured once every two months.

South Flank Kalapana Monitor
The south flank Kalapana monitor (figure 6) was established on December 17,

1982 and is located near the coastal village of Kalapana. There are three lines that
extend northwest from the PAINTED CHURCH instrument station (located in the
village of Kalapana) up onto the south slope of the east rift zone. One of the original
reflector stations FLOW?77-3 was replaced by FLOW77-4 after the station was
disturbed. This monitor is usually measured once every two months.

There was another line (QUEENS BATH to BMFORD) near this monitor that
was established on September 13, 1983, but the QUEENS BATH instrument station
was overrun by lava in March 1987.



Results

The measurement results of the currently measured permanent-glass EDM
lines are presented in two ways. A seperate time series plot for each line of a
monitor is plotted showing the line's length from the first measurement through
September 1987. On the plots, significant events such as eruptions and earthquakes
are marked to show the effect, if any, that these events had on the individual lines.
All of the plots run from Jaunuary 1, 1982 to December 31, 1987 and have a full scale
line length difference of 1 meter. The plots start on page 14 with the summit cross-
caldera monitor.

The actual data that these plots are based on are presented in Tables 1 through
7. Table 8 contains data for lines that are currently inactive or seldom measured.
The length of the line given is the slope distance measured from mark to mark, and
the code for the instrument type is as follows:

RM = Keuffel and Esser RangeMaster III
HP = Hewlett-Packard 3808a
G8 = Geodimeter Model 8
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